Background. Multidrug-resistant Enterobacteriaceae (MRE) are widespread in the community, especially in tropical regions. Travelers are at risk of acquiring MRE in these regions, but the precise extent of the problem is not known.
encoded AmpC-type cephalosporinases (pAmpCs) were long confined to healthcare structures but have been spreading widely in the community over the last 2 decades [1]. The spread of MRE is a major public health issue, as a limited number of antibiotics remain active against these bacteria, and few new antibiotics are expected to reach the market in the foreseeable future [2] . The spread of MRE has been particularly intense in tropical regions, likely owing to poor hygiene and uncontrolled antibiotic usage [3] . Between 14.0% and 69.4% of travelers to high-prevalence countries are reported to acquire MRE, depending on the cohort and destination [4] [5] [6] [7] [8] [9] [10] [11] .
It is crucial to assess the dynamics of MRE acquisition and loss during and after travel to tropical regions. Indeed, if MRE importation from tropical regions was found to fuel a major reservoir, specific measures would be urgently required. The few available data suggest that most travelers clear MRE from their gut within a month following return [12] , but that a minority become longterm carriers (>6 months after return) [4, 6, 7] .
A better knowledge of MRE carriage after return from a tropical region might also improve patient management. A higher risk of MRE acquisition has been found among travelers returning from certain regions with high MRE endemicity (Southeast Asia [5] [6] [7] [8] 11] and North Africa [5, 6] ), and also among those having taken antibiotics [10] or having developed diarrhea [4, 10] . Yet no data are available on clinical or microbiological factors associated with the duration of MRE carriage, and it is therefore impossible to estimate the risk of MRE carriage at a given time after return.
We addressed these questions in the VOYAG-R study (ClinicalTrials.gov identifier NCT01526187), in which we determined the rate of MRE acquisition during travel to the tropics and monitored carriers for 1 year after their return.
METHODS

Population and Samples
From February 2012 to April 2013, all adults who planned to travel to tropical regions for between 3 days and 3 months and who attended 1 of 6 international vaccination centers in the Paris area were invited to participate in the study. The study was designed to include equal numbers of travelers to the 3 main tropical regions: sub-Saharan Africa, Latin America (including the Caribbean), and Asia. We included countries located in both tropical and subtropical regions. Travelers visiting >1 country were eligible provided they remained in the same region (eg, Vietnam and Cambodia in Asia). Only 1 volunteer per group of co-travelers was recruited. After receiving information on the study, volunteers were asked to complete a brief questionnaire before leaving the center and to provide a stool sample during the week preceding their departure. All stool samples were screened for MRE carriage. Only volunteers who had no detectable MRE fecal carriage before their departure were asked to send a further stool sample within a week after their return. Travelers who were carrying MRE after their return were asked to provide stool samples 1, 2, 3, 6, and 12 months later, or until MRE was no longer detected. Fresh stool samples were self-collected at the traveler's home and promptly shipped to the bacteriology laboratory of Bichat-Claude Bernard Hospital in Paris, France. Each sample was accompanied by a self-completed questionnaire recording (1) at inclusion: demographic data (age, sex), dietary habits (omnivorous, vegetarian), occupation, planned countries of visit, previous travel to the same region, dates of departure and return, prescribed malaria chemoprophylaxis, and the type and purpose of travel; and (2) after return: countries visited, occurrence of diarrhea and/or antibiotic use during the trip, use of the local healthcare system, and adherence to malaria prophylaxis. As doxycycline was exclusively used for malaria prophylaxis and not as an antibiotic, we considered it among antimalarial agents. Nevertheless, the impact of doxycycline and of other antimalarial agents on MRE acquisition rate was studied separately. During followup, travelers were asked to inform us if they took antibiotics (and, if so, why), were hospitalized, subsequently traveled to a tropical country, or experienced infectious events ( particularly urinary tract infection [UTI]). Follow-up was terminated in case of further travel to a tropical region.
Detection of MRE
An MRE was defined as Enterobacteriaceae producing an ESBL, pAmpC, and/or carbapenemase. As the Enterobacteriaceae that produce these β-lactamases are resistant to most β-lactam antibiotics (which are key antibiotics for the treatment of infections caused by Enterobacteriaceae), we defined them as MRE [13] . Stool samples were cultured immediately on reception. Approximately 10 mg of stool was plated on ChromID ESBL agar (bioMérieux, Marcy-l'Etoile, France) and bi-valve ESBL agar (AES Chemunex, Ivry-sur-Seine, France). In parallel, an enrichment step was performed by diluting approximately 100 mg of stool in 10 mL of brain-heart infusion broth (BHI), 1 mL of which was diluted in 10 mL of BHI broth supplemented with 1.5 mg/L cefotaxime and incubated overnight before plating 100 µL on ChromID ESBL agar. Plates were incubated for 48 hours at 37°C in aerobic conditions. All colony-forming units with distinct aspects (size, color, shape) on each medium were further identified at the species level by mass spectrometry (MALDI Biotyper, Bruker Daltonics, Bremen, Germany) and tested for antibiotic susceptibility by the disk diffusion method as recommended by the French Society for Microbiology. Carbapenemase-producing Enterobacteriaceae (CPE) were detected by specific enrichment culture, as described elsewhere [14] . The relative abundance of MRE was determined as the ratio between the fecal concentrations of total MRE and total Enterobacteriaceae [15] .
Characterization of Resistance Mechanisms
Total MRE DNA was extracted with the EZ1 DNA tissue kit on an EZ1 instrument (Qiagen, Courtaboeuf, France). First, ESBLproducing Enterobacteriaceae were tested for bla CTX-M from groups 1, 2, and 9 with real-time SYBR Green polymerase chain reaction (PCR). If negative, bla CTX-M-8 , bla CTX-M-25 , bla TEM , bla SHV , and bla VEB were sought with specific PCR primers, as previously described [15] . pAmpC was sought by using specific primers for high-level cephalosporinase-producing Enterobacteriaceae [16] . Strains with reduced susceptibility to carbapenems were tested for bla KPC , bla VIM , bla IMP , bla NDM , and bla OXA-48 [16] . Amplicons of carbapenemase-encoding genes, bla TEM, and bla SHV were Sanger sequenced with the Big Dye terminator version 3 kit (Applied Biosystems, Courtaboeuf, France) for final identification.
Statistical Analysis
Sample size was calculated to obtain a precision of 5% for the estimated MRE acquisition rate in each region, with a type I error of 0.05. A total of 570 travelers were required (190 per region), assuming an MRE acquisition rate of 20% [4] . Baseline data and outcome measures were summarized using standard descriptive statistics for the total population and each region. All univariate analyses were adjusted for the region when it was required; otherwise, χ 2 tests were used. Independent risk factors for MRE acquisition were identified by logistic regression. Variables statistically significant at the 0.15 level were considered for the multivariate model. The final model was built with the criteria of noncollinearity and the lowest value of Akaike information criterion. Associations between covariates and the number of isolates per MRE-carrying subject (1 vs 2 or more) were identified by logistic regression. The duration of carriage was estimated from the dates of the first positive and the first negative stool sample for MRE ("event"). We used the actuarial (life table) method to represent time to event. Subjects lost to follow-up were censored at the last available time-point. Subjects who completed follow-up without an event were censored at the end of the study (12 months). The effects of covariates on the time to event were estimated using a Cox proportional hazards model. The rate of MRE acquisition was compared across regions by using the Kruskal-Wallis test. All statistical analyses were 2-tailed with a significance level of 5%, and were performed with R statistical software version 3.0.3.
Ethical Issues
The VOYAG-R study was approved by the Ile de France IV ethics committee on 14 November 2011. The study was observational and did not directly benefit the participants. French law requires that each participant sign a "nonrefusal" form. When MRE (including CPE) carriage was detected, the individual concerned was sent an information leaflet on MRE carriage, basic hygiene, and the need to mention this carriage when receiving medical care. Individuals with CPE carriage received a similar leaflet and were also contacted by the infection control practitioner of Bichat-Claude Bernard Hospital to ensure the information was correctly understood.
RESULTS
Description of the Travelers
A total of 824 subjects agreed to participate in the study, of whom 700 provided a stool sample before their departure.
Eighty-one subjects (11.6%) were found to carry at least 1 MRE before departure and were thus excluded from the study (Supplementary Table 1 ). Travelers returning to Asia <1 year after a previous visit were more likely than other travelers to have MRE carriage before departure (P = .01).
A total of 574 subjects were finally included (Figure 1) 
Variables Associated With MRE Acquisition
In univariate analysis (Table 1) , factors associated with MRE acquisition were β-lactam use during travel (odds ratio [OR], 4.22; 95% confidence interval [CI], 1.47-12.08; P = .007), diarrhea during travel (OR, 1.89; 95% CI, 1.32-2.72; P < .001), and the type of travel (lower risk for all-inclusive resorts and higher risk for family visits, backpacking, and organized tours; P = .03). Regarding use of antibiotics (apart from doxycycline), fluoroquinolone exposure was not associated with a higher risk of MRE acquisition compared with other antibiotics (OR, 1.62; 95% CI, .28-9.41; P = .59). In multivariate analysis (Table 1) , the region visited (P < .001), β-lactam use during travel (OR, 4.08; 95% CI, 1.39-11.97; P = .011), diarrhea during travel (OR, 1.90; 95% CI, 1.31-2.75; P < .001), and the type of travel (all-inclusive resorts vs others; P = .033) significantly influenced the risk of MRE acquisition.
MRE Characterization
On return, 526 MRE isolates were recovered from 292 subjects (mean, 1. Compared to travelers carrying only 1 MRE, these 135 subjects reported a higher frequency of diarrhea (56.3% vs 41.0%; P = .01) and antibiotic use during the trip (21.1% vs 9.7%; P = .04). Travelers to Asia were more likely than travelers to sub-Saharan Africa and Latin America to acquire >1 MRE (60.0%, 21.5%, and 18.5%, respectively, P < .001). One subject returning from Peru carried 8 distinct MRE (7 producing an ESBL, 1 producing pAmpC). Most of the identified MRE were E. coli (93.3%; Supplementary Data 1). Of note, 1 ESBL-producing non-Typhi Salmonella enterica was isolated from a woman who had backpacked in Laos. ESBL production was the main resistance mechanism (91.8%), followed by pAmpC production (8.6%) (Supplementary Data 1). Four isolates (0.8%) produced both ESBL and pAmpC. Three isolates (0.6%) from 3 travelers returning from India produced a carbapenemase (2 OXA-181, 1 NDM-1) [16] . The vast majority of ESBLs were of the CTX-M type (95.4%), among which CTX-M group 1 predominated (83.7% of all CTX-M, Supplementary Data 1) . Eventually, an OXA-48-producing Escherichia coli (coproducing pAmpC) was recovered in a pretravel sample from 1 subject who recently returned from Asia.
Follow-up of Travelers Who Acquired an MRE
Among the 292 travelers who acquired an MRE during travel, 245 provided a stool sample 1 month after their return (Figure 1) , which was MRE positive in 83 cases (33.9%) (Figure 1 , Table 2 ). Forty-five of the 74 (60.8%) subjects who provided a stool sample 2 months after return were still MRE carriers. Likewise, 57.1% (24/42), 52.4% (11/21), and 62.5% (5/8) subjects still carried an MRE 3, 6, and 12 months after their return (Figure 1) . Only 4.7% of the 515 travelers still followed were MRE carriers 3 months after their return ( Table 2 ). The dynamics of MRE loss differed significantly according to the region visited: travelers returning from Asia carried MRE for longer than travelers returning from sub-Saharan Africa or Latin America (P < .001; Figure 2 , Table 2 ). Univariate analysis identified no travel-related variables significantly associated with longer carriage. However, carriers of at least 1 multidrug-resistant E. coli had a lower risk of prolonged carriage than carriers of other multidrug-resistant species (hazard ratio, 0.58; 95% CI, .38-.90; P = .01). Eight travelers reported an episode of UTI after their return, but no microbiological data were available.
Quantification of MRE
On return, the mean relative abundance of MRE (MRE-RA) was −3.2 log (SD, 1.9 log). Travelers returning from Asia had a higher mean MRE-RA than travelers to sub-Saharan Africa and Latin America (−2.9 [SD, 1.9] log vs −3.6 [SD, 1.9] log and −3.6 [SD, 1.8] log, respectively; P = .01; Figure 3A ). Interestingly, patients with a low MRE-RA had shorter carriage: the hazard ratio for a negative subsequent stool sample per 1-log unit decrease in MRE-RA was 1.18 (95% CI, 1.1-1.26; P < .001; Figure 3B ).
DISCUSSION
We found that MRE acquisition during travel to tropical regions was frequent but that carriage was generally brief. Half the travelers in this study acquired at least 1 MRE (an average of 1.8 species per carrier), a rate twice as high as that reported elsewhere [4] [5] [6] [7] [8] [9] [10] . This higher rate may be attributed to 3 characteristics of our study: (1) only travelers to tropical destinations were included, and (2) fresh stools (instead of rectal swabs) were cultured on various media, with (3) an additional enrichment step. Still, we cannot exclude that travelers with very low MRE carriage before travel could have gone undetected, then found to be positive at return because they used antibiotics during the travel.
In 2013, nearly 10.6 million persons (connecting flights excluded) departed from a French airport to a tropical region (4.5 million to sub-Saharan Africa, 1.8 million to Latin America, and 4.3 million to Asia) [17] . Based on the rates of MRE acquisition found here, we estimate that, in 2013, at least 5.8 million travelers (2.1 million to sub-Saharan Africa, 0.6 million to Latin America, and 3.1 million to Asia) brought an MRE from tropical regions to France. Interestingly, 3 months after their return, >95% of all the travelers studied here were free of MRE. Thus, importation of MRE by travelers does not fuel a sustained reservoir of MRE in the community. This finding has major implications for physicians assessing the individual risk of MRE carriage among patients having recently traveled to a tropical region. During the first 3 months after return from a tropical region, MRE should be considered when prescribing empiric antimicrobial therapy, especially when the patient took antibiotics and/or developed diarrhea during the trip. Of note, 8 MRE carriers reported developing a UTI after their return. As UTI is more likely to be due to MRE in MRE carriers [15] , our results suggest a need for routine antibiotic susceptibility testing in individuals who develop UTI shortly after returning from a tropical region. We provide the first data on the relative abundance of MRE among all fecal Enterobacteriaceae during the first 12 months after return from the tropics. We found that carriage lasted longer in individuals with a high initial MRE-RA, suggesting that MRE-RA determination could help to predict the likely duration of carriage. We have previously shown that antibiotic exposure increases the MRE-RA [15] , thereby possibly contributing to the persistence of MRE carriage. If this is confirmed, physicians should carefully consider the potential impact on the intestinal microbiota when prescribing antibiotics to subjects having recently returned from a tropical region.
The main factor associated with MRE acquisition was the region visited, travelers to Asia being at the highest risk. However, it is noteworthy that travelers to Peru and Togo were also at a high risk of MRE acquisition (84.6% and 75.0%, respectively). Other risk factors included diarrhea, which is a potential marker of exposure to contaminated food or water. Travel to allinclusive resorts was associated with a lower risk of MRE acquisition. Exposure to β-lactam antibiotics increased the risk of acquisition, but this was not the case for doxycycline, an antibiotic used for malaria prophylaxis.
In conclusion, we show that MRE acquisition during travel to tropical regions is very frequent but relatively short-lived. The possible presence of MRE should thus be taken into account when prescribing empiric antibiotic therapy for infections that occur in travelers having returned from the tropics <3 months previously. 
